Supplementary Figures
Supplementary Figure S1 | Modeled pH gradient. Modeled development of the pH solution gradient in between the interdigitated electrodes in time using a finite element model (see "Materials and Methods, Finite element modeling"), showing that the pH gradient covers nearly 1 pH unit around the starting pH when it is stable after ~10 min. The initial "overshoot" (10 -300 s) is caused by the higher current in the beginning of the experiment. Fluorescence intensity profiles in between two electrodes (cathode is left, anode is right), upon subjecting a sample with a surface-bound naphthalimide dye, which is pH sensitive as shown in Supplementary Figure S3 , to a pH gradient, ΔV = 1.6 V, 1 mM pH 7.1 phosphate buffer and 100 mM Na 2 SO 4 . The blue curve is after 10 min of applying the pH gradient, while the red curve shows the fluorescence when the pH gradient is switched off and was allowed to equilibrate. After treating this data the same as Supplementary Figure S3 , the pH gradient was estimated to be roughly 1 pH unit, in agreement with the modeling. Fluorescence intensity profiles close to the negative electrode (cathode, high pH), upon subjecting a sample with an surface-bound rhodamine dye to a pH gradient, ΔV = 1.6 V, 1 mM pH 7.1 phosphate buffer and 100 mM Na 2 SO 4 , at various reaction times. This shows, as expected, negligible hydrolysis (apart from a minor slow decrease in time, as discussed in the main text) at these high pH conditions, confirming that the observed fluorescence decrease at the anode can be attributed to acid-catalyzed imine hydrolysis. The alignment of these profiles is done by determining the middle of the positive electrode. Fluorescence intensity profiles (1000 ms, iso 800) showing the immobilization of aminofunctionalized fluorescein in between the electrodes, with (green) and without (brown) the aldehyde-terminated silane present. Both samples underwent the same activation and cleaning steps. From both graphs, the background of an empty sample was subtracted to be able to compare the absolute intensity values. With the silane present, the resulting fluorescence is 10 times higher than without. This result clearly shows that physisorption of amino-functionalized fluorescein onto a silanol surface (which would occur by hydrolysis of the silane layer close to the electrode) is negligible. Amperometric I-t curve measured at a potential difference of 1.6 V between the electrodes thus generating the pH gradient, showing that the current, and thus the pH gradient, does not change significantly after 20 min. 1 mM pH 7.1 phosphate buffer and 100 mM Na 2 SO 4 . 
Supplementary Methods
Preparation of the dye The synthesis scheme is shown in Supplementary Figure S15 . 6-Phthalimido-1-hexyne and 6-Amino-1-hexyne were prepared as described in literature 44 .
6-Phthalimido-1-hexyne 44 . A suspension of potassium phthalimide (12.43 g, 67 mmol) and 6-chloro-1-hexyne (5 ml, 41 mmol) in 100 ml of dry DMF was stirred at 70 °C for 16 h. The solvent was evaporated and the solid residue was suspended in dichloromethane and filtered through a layer of silica gel 60. Evaporation of the solvent gave the pure product as a white powder (8.90 g, 39 mmol, 95% 6-Amino-1-hexyne 44 . Hydrazine monohydrate (3.2 ml, 66 mmol) was added to a solution of 6-phthalimido-1-hexyne (3,0 g, 13 mmol) in 150 ml of ethanol. The mixture was stirred under reflux for 1 h. After cooled to room temperature the solid was filtered and the solution was acidified to pH =1 by addition of concentrated HCl. The precipitate was filtered off, and aqueous 50% NaOH was carefully added to the solution until pH = 12. The mixture was extracted with CH 2 Cl 2 (3 x 30 ml) and the combined organic fractions were dried over Na 2 SO 4 . Evaporation of the solvent gave the pure product as a light yellow oil (0.43 g, 4.4 mmol, 33% 
N-(3',6'-Dihydroxy-3-oxospiro[isobenzofuran-1(3H),9'-[9H]xanthen]-5-yl)-N'-6-hexyn-1-ylthiourea, (alkyne-fluorescein)
Fluorescein isothiocyanate (0.38 mmol, 150 mg) and 6-amino-1-hexyne (0.46 mmol, 46 mg) were dissolved in dry methanol, and the mixture was stirred at room temperature for 4 h. Upon addition of dichloromethane, the product was precipitated from the solution as a dark yellow solid. The crude product was collected and recrystallized twice from dichloromethane to yield a dark yellow solid (164 mg, 84% 
Electrode fabrication
A bilayer lift-off recipe was used for fabricating the Pt electrode arrays on borofloat glass wafers. First the electrode pattern was created in a bilayer of sacrificial resist. The process started with a dehydration bake (5 min, 120 °C). Then a HMDS adhesion layer was spincoated (20 s, 5000 RPM), after which LOR 5A was spincoated (20 s, 5000 RPM) followed by a baking step (10 min, 160 °C). For the second resist layer, a standard photolithography recipe was used. First a HMDS adhesion layer was spincoated (5s, 500 RPM followed by 30 s, 4000 RPM). Then Olin OiR 907-17 photoresist was spincoated (5 s, 500 RPM followed by 30 s, 4000 RPM), followed by a pre-bake step (1 min, 95 °C). The photoresist was exposed (4 s, EVG EV620 Mask Aligner, Hg-lamp 12 mW*cm -2 ) through a patterned photomask, followed by a post-exposure bake (1 min, 120 °C). Then the exposed photoresist was washed away and the LOR 5A layer was etched by developing in Olin OPD 4262 (90 s). The LOR 5A layer was overetched slightly, creating an undercut, which is favorable for the lift-off step. As a last step the wafer was rinsed with MQ water in a quickdump rinser.
Prior to metal deposition, the wafer was cleaned with UV-ozone (5 min, PR-100, UVP Inc.), guaranteeing a clean substrate. Immediately after this step, 5 nm Ti and 95 nm Pt was evaporated (BAK 600, Balzers), with a deposition rate between 1-3 Å*s -1 (< 10 -6 mbar). After the evaporation step, metal lift-off was performed by sonication in acetone (20 min) and isopropanol (10 min). Afterwards, the wafer was rinsed with a quick dump rinser (DI water), followed by spin-drying. Then the wafer was diced (back-end dicing saw, Loadpoint Micro Ace 3) into appropriately sized samples which were cleaned prior to use, by sonicating in acetone, rinsing with ethanol and drying with a stream of N 2 .
Data fitting Imine hydrolysis
All fluorescence microscopy images (an example is shown in the main article, Fig 1-B ) were analysed with ImageJ 45 , by extracting cross sections with averaging over 25 µm parallel to the electrode (as shown in the main article, Fig. 2-c) , resulting in fluorescence intensity vs. distance data. Because of the long acquisition time (4 h) there is a little drift in between images. Therefore, first the cross sections were aligned to each other. This was done around a positive electrode by fitting a sigmoidal curve to both sides of the electrode. Then by using the inflection points to determine the center of an electrode, all the cross sections obtained from images taken at different times were aligned accordingly. The fluorescence vs. distance data obtained at different times, were plotted vs. time as a function of distance from the anode, as shown in the main article, Fig. 3 -a. These time traces were fitted to an exponential decay function:
where I is the fluorescence intensity (a.u.) at time t (s), I max is the starting fluorescence (a.u.), I 0 is the background fluorescence (a.u.) and k 1 is the first-order reaction rate constant (s -1 ). Data points from 20 to 240 min were used to determine the rate constant. The data up to 20 min were ignored to avoid the influence of pH changes occurring during the start-up time of the gradient, as determined from modeling and the amperometric I-t curve shown in Supplementary Figure S7 . At a spot close to the anode, where there was the highest conversion, the fitting was done by least squares minimization of I 0 , I max and k 1 . The determined I 0 was then fixed for the rest of the fitting of k 1 . The resulting averaged first-order rate constants for the imine bond hydrolysis vs. distance from the anode are shown in the main article, Fig. 3-b , with ± 1 standard deviation, after averaging the k 1 values obtained from 4 different batches.
CuAAC
All fluorescence microscopy images (an example batch is shown in Supplementary Figure  S8) were analysed with ImageJ 45 , by extracting cross sections with averaging over 100 µm parallel to the electrode, resulting in fluorescence vs. distance data. Because the dye solution on top of the electrodes prevented us to work in-situ, images were processed ex-situ, and, therefore, a different substrate was used for each reaction time. The cross sections were aligned by the electrode positions. This resulted in an overview graph, as shown in the main article, Fig. 4-b, showing one batch of raw data. Supplementary Figure S16 shows averaged, normalized fluorescence intensity profiles from four different batches, with ± 1 standard deviation, showing the good reproducibility of this new fabrication method.
The fluorescence vs. distance data was plotted vs. time, each at specific distances from the negative electrode. In the presence of an excess of alkyne in solution, a first order dependence is expected on surface azide concentration and a second order dependence on the Cu(I) concentration in solution 37 . Because at each specific distance from the cathode we assume to have a relatively stable [Cu(I)], evident from modelling (Supplementary Figure S10) and from the amperometric I-t graph (Supplementary Figure S11) , the asymptotic enhancement of fluorescence is directly correlated to the decrease in 
where I is the normalized fluorescence intensity at time t (s) and k obs is the pseudo first order rate constant (s -1 ). Data points from 1 to 6 min were used to determine the rate constant. In this timeframe, the concentration of Cu(I) should be relatively stable, as indicated by the stable current plateau of 1.5 µA from 1 min onward, as shown in Supplementary Figure S11 and by the model (Supplementary Figure S10) . At a spot close to the cathode, where there was the highest conversion, the fitting was done with a least squares minimization of k obs and the maximum intensity. The determined maximum intensity was then fixed for the rest of the fitting of k obs . Supplementary Figure S12 shows the resulting k obs values vs. distance from the cathode with ± 1 standard deviation, after averaging the k obs values obtained from 4 different batches.
Finite element modelling pH gradient
The setup was modeled using the commercial Comsol Multiphysics finite element software (version 4.3) in accordance to others 32 . The geometry used is shown in Supplementary Figure  S17 and all values are summarized in Supplementary Table S1 . The gap (100 µm), with half a cathode and half an anode (25 µm, 0.1 µm thick), and 2000 µm of solution on top was modeled. Figure S17, Figure S7) , A is the electrode area (m 2 ) and F is the constant of Faraday (C*mol -1 ). (S12) The diffusion coefficients (D, in m 2 /s) of Cu(I) and alkyne are adopted from similar values in water [46] [47] [48] .
At the cathode (Supplementary
Representative results of the simulation are shown in Supplementary Figure S10 for the Cu(I) gradient at the reacting surface, which shows that the resulting gradient in between the electrodes is nearly linear and relatively stable from 30 s onwards.
At the reacting surface (Supplementary Figure S18 , green line) the surface bound azide can react with the dissolved alkyne, under the influence of Cu(I) to form triazole. The reaction is first order in azide, second order in Cu(I) and alkyne 37, 49 , resulting in the following reaction formula: Representative results of the simulation are shown in Supplementary Figure S19 for the resulting e-click on the reacting surface. When comparing reaction rates (k obs ) of the experimental results and the simulation, as shown in Supplementary Figure S14 , good overlap is seen, confirming that the model included the most important factors influencing the gradient formation.
